Here we propose models with SU (2) L ⊗ SU (2) R ⊗ U (1) B−L electroweak gauge symmetry in which parity (or charge conjugation) is broken explicitly and the interactions of the left-and right-handed fermions are completely different from each other at any energy scale. In these sort of models there is no restoration of parity at high energies. However, as in left-right symmetric models, the electroweak interactions of quarks and leptons appear to be only left-handed at low energies, because the right-handed interactions are suppressed by the mass of the respective charged and neutral vector bosons and/or because these interactions are weaker than the left-handed ones.
I. INTRODUCTION
The basic assumptions of the left-right symmetric models is that the electroweak gauge simmetry G P(C) LR ≡ SU(2) L ⊗ SU(2) R ⊗ U(1) B−L , left the lagrangian invariant under a generalized parity P [1-8], or charge conjugated C [9] . Hence, at high energies these generalized parities are restored. As a consequence, right-handed currents and right-handed neutrinos must exist in nature and neutrinos must be naturally massive particles. In the early works on left-right symmetric models the parity was broken softly [3] , until it was shown that it can be doing spontaneously [4] . This sort of models are well motivated since the parity (and charge conjugation) violation is accommodated but not explained in the context of the standard model (SM).
However, another possibility, which we will explore here, is that no generalized parity symmetry exist at all: the parity (or charge conjugation) as in the SM is explicitly broken at any energy. This case is less elegant than the case when the breakdown of these symmetries is spontaneous, but it cannot be excluded, at least, from the phenomenological point of view.
We recall that until now, the only known source of CP violation is the phase in the CKM matrix i.e., it is a hard symmetry breaking. We recall that the spontaneous breaking of a discrete symmetry has not been observed until now.
Hence, here we will study a model with SU(2) L ⊗SU(2) R ⊗U(1) B−L gauge symmetry but without introducing the parity or charge conjugation symmetry from the beginning. The parity is breaked explicitly and the left-handed weak interactions have no relation with the right-handed ones. Of course, the SU(2) R symmetry involves heavy vector bosons in order to be compatible with low energy phenomenology but at high energies there is no parity restoration at all.
Independently of the way in which the parity is broken, right-handed neutrino do exist and active neutrinos must be massive particles. Moreover, neutrinos are Dirac or Majorana depending on the scalar representation of the model to be considered. For instance, if the active neutrinos are Majorana particles, and right-handed neutrinos are heavy, complex scalar triplets have to be added and the seesaw type I mechanism is implemented or, if neutrinos are Dirac fermions only scalar bi-doublets (besides a doublet of SU(2) R ) has to be considered and there is no heavy right-handed neutrinos since they are related with the active ones in the Dirac field ν = ν L + ν R , and the mass term is m Dν ν. If this is the case the smallness of the neutrino masses need a fine tuning unless three bi-doublets are introduced [10] .
Although the breaking of parity was a key to the formulation of the electroweak standard model, the breaking can be spontaneous or explicit. In both cases it is possible to accommodate the mass of the active (left-handed) [11] . In fact, parity is maximally breakdown in the charged current but partially in neutral currents. In fact, the implementation of the seesaw mechanims for neutrino masses is related only with scalar complex triplets and has nothing to do with the mechanism of the parity breaking, Nor does the mechanism of parity breakdown matter if the neutrinos are truly Dirac particles and there are no heavy righthand neutrinos. Moreover even if parity is explicitly broken and there are heavy neutrinos the relation M N ∝ M W R is still valid. Hence, most of the interesting features of the models with SU(2) L and SU(2) R symmetries [12] are valid if there is no restoration of the parity at high energy (the same is valid for a generalized charge conjugation C).
As we will assume explicit parity violation, then g L = g R (from the beginning), and also the particle content is not constrained as the case in which parity in assumed valid at a large energy scale. Only fermions do exist in left-and right-handed doublets but this is not imposed in the scalar sector: We introduce only scalar doublets or triplets under SU(2) R without the respective multiplets under SU(2) L . Although from the point of view of the violation of the parity this model is not better than the standard model, at least it places in the same foot the left-and right-handed components of the known fermions, predicting also new weak interactions.
The outline of this paper is as follows. In Sec. II we write the particle spectrum of the model while in Sec. III we analyze the gauge boson sector considering one bi-doublet and one SU(2) R doublet. The fermion-vector boson interactions are considered in Sec. IV and in Sec. V we consider the lepton mass generation and the Yukawa interactions. In this situation neutrinos are Dirac particles. The introduction of scalar triplets, like ∆ R ∼ (1 L , 3 R , 2), may be considered but it is not relevant for the main purpose of this paper. Phenomenological consequences and our conclusions are discussed in Secs. VI and VII, respectively.
II. THE MODEL
The electroweak gauge symmetries of the model are SU(2) L ⊗ SU(2) R ⊗ U(1) B−L and g L = g R at any energy scale. Hence the electroweak model has three gauge couplings g L , g R and g BL for each factor. The electric charge operator is defined [8] as usual Q/e = T 3L +T 3R + (B −L)/2. We omit the SU(3) C factor because is similar as in the standard model (SM). For the sake of illustration, in the fermion sector we consider only the leptonic sector with leptons transforming as follows: The scalar sector consists in one or more bi-doublets transforming as (2 L , 2 * R , 0):
to generate the fermion masses, and only one doublet χ R ∼ (1 L , 2 R , +1) if we want heavy right-handed neutrinos and one triplet ∆ R ∼ (1 L , 3 R , +2) to implement the type I seesaw mechanism. Here we will consider, for simplicity, the case of one bi-doublet, Φ, and one right-handed doublet χ R = (χ + R χ 0 R ) T to break completely the gauge symmetry to U(1) Q since they are enough to shown the main feature these sort of the models. A doublet χ L ∼ (2 L , 1 R , +1) or a triplet ∆ L ∼ (3 L , 1 R , +2) can be added but are not mandatory in this case. They can be added in order to have inert scalars.
We denote the vacuum expectation values (VEVs) as Φ = Diag(ke iδ k ′ )/ √ 2 and
2 since one of the phases in Φ and the phase in χ R can always be eliminated by unitary unimodular transformations. Complex VEVs implies spontaneous CP violation [5, 13] .
III. GAUGE BOSONS MASS EIGENSTATES
The covariant derivative for the bi-doublet Φ and the doublet χ R are given by:
where we have considered g L = g R .
The charged bosons mass matrix in the basis (W + L W + R ) have the form:
where K 2 = k 2 + k ′2 ,K 2 = |k||k ′ |, and we have defined
Hereafter we will consider α = 0 i..e, the VEVs are real. Then charged gauge bosons masses are given by:
where we have defined
The masses eigenstates in terms of the symmetry eigenstates are the following:
where:
where
Assuming v 2 R ≫ |k| 2 , |k ′ | 2 , we have:
and
We can observe that M 2 W 2 ≫ M 2 W 1 . In this limit we will obtain W L ≈ W 1 and W R ≈ W 2 . In the neutral vector bosons the mass matrix in the basis (W 3L , W 3R , B) is:
which has the following eigenvalues:
Where:
Again, making v 2 R ≫ |k| 2 , |k ′ | 2 , we have:
We can observe that M 2 Z 2 ≫ M 2 Z 1 and M Z 2 > M W 2 . After diagonalizing the neutral mass matrix matrix by an orthogonal matrix,
, we obtain the following symmetry eigenstates as a function of masses eigenstates:
where ǫ has already been defined in Eq. (5), with δ L(R) = g BL /g L(R) , ∆ N is given in Eq. (12) .
Notice that the latter depend on ǫ, x and δ L . The eigenstates are normalized and we stress that these are exact results.
IV. LEPTON-VECTOR BOSON INTERACTIONS
When g L = g R the covariant derivatives in the lepton sector are given by
where D L µ and D R µ acts on left-andf right-handed lepton doublets, and similarly for quarks. From the projection on the photon field in Eq. (14), using (16) we obtain the electric charge of charged leptons:
and similarly for quarks. From (17) and N 1 given in Eq. (15), we have
(
Notice that g L , g BL may be related to the g, g Y coupling constants of the electroweak standard model only at a given energy, say µ m :
where g 2 denotes the coupling constant of the SU(2) L group in the SM. For energies µ = µ m the couplings g L , g R must have different running and no longer equal to each other even in the left-right symmetric model [14, 15] . However, in the present model g L = g R from the very start, hence we have one more free paramater to be determined experimentally. See below.
Notice that, using Eq. (17) in (16) we obtain an exact zero for the neutrino electric charge:
Using the appropriate projection of W 3L , W 3R and B upon de photon field it is not necessary to impose extra constraints over the matrix elements given in Eq. (14) . If we have used a general orthogonal matriz in order to have a zero neutrino electric charge it is necessary to impose (using same parametrization of the CKM matrix without the phase)
and for the charged lepton charge
Hence the condition Q ν = 0 and Q l = −1 are consistent with each other. Notice that only when g L = g R we can write one of the angles in terms of the other two. It means that Eq. (14) can be parametrized by two angles if the condition in Eq. (22) is satisfied for a given value of the coupling constants g L , g R .
The fact the fermion electric charge impose constraints on an arbitrary orthogonal matrix relating the symmetry eigenstates W 3 , W R , B with mass eigenstates A, Z 1 , Z 2 was noted in the context of left-right symmetric models in Ref. [16] and in secluded U(1) models in
Ref. [17] .
In the left-right symmetrics models, for example, the invariance under a generalized parity
with the charged fermions electric charge given by
with q = −1, 2/3, −1/3 for charged leptons, u-like and d-like quarks, respectively. Only in this case the matrix in Eq. (14) is parametrized by only one angle, θ. However, in the present model g L = g R since the very start and the relation of the electric charge with the coupling constants is shown in Eq. (18) . Of course, at some energy, say µ m , we have to match with the SM as in Eq. (19) , but below and above both coupling constants may be different, this eliminate the existence of a Landau pole when sin θ = 1/2 [10] .
Notice that from Eqs. (8) and (13) in the limit of v R being larger VEV, we have
Notice that when ǫ = 1 (g L = g R ≡ g, g BL = g ′ ) we obtain
which is the value of this angle in left-symmetric models [10] . It means that θ can be identified, at least numerically, with θ W of the SM in a given energy, say, the Z-pole.
In the case of the SM we know that weak interactions are more suppressed by the mass of W 's than by the coupling constant g 2 . In fact α 2 /α QED = s 2 W , so this ratio is on the order of 0.231 i.e., g 2 /e is on the order of 0.48. Hence, just for illustration we will use ǫ = g L /g R = 0.5, see below.
However, if we use the exact expressions in Eqs. (4) and (11) we obtain
where ∆ and ∆ N were defined Eqs. (5) and (12), respectively. We will assume Z 1 ≈ Z L and Z 2 ≈ Z R ; and W 1 ∼ W L , W 2 ∼ W R , with the experimental value M W /M Z = 0.88147 ± 0.00013 [18] . For the reason discussed before we use ǫ = 0.5, δ L = 0.6355 which is the SM value assumed here only for simplicity, using 2σ value of that ratio and the expressions ∆ and ∆ N given in (5) and (12) we obtain from (28), x < 0.0905, which implies that v R > 817.73 GeV. With this lower limit on v R we can calculate the lower limit for the masses of W + 2 and Z 2 , using Eqs. (4) and (11), respectively, obtaining (in GeV):
as consecuence, the mixing angle W L − W R defined in Eq. (7) has an upper limit: sin ξ < 0.0903. Recent analysis comparing the experimental limits to the theoretical calculations for the total W 2 resonant production and the decay W 2 → W Z implies that ξ is between 10 −4 − 10 −3 [19] . Notice that the masses of the vector bosons do not constraint the δ R .
A. Charged interactions
In the quark sector we have
where we have used Eq. (6), and remembering that J qµ 
This has important consequences in the number of physical CP violating phases.
In fact, the phases φ q and K u , K d in Eqs. (30) cannot be absorved in the fields and are legitimate physical phases. It is well known that a n × n unitary matrix has n(n + 1)/2 phases. However, one is a global phase and 2n − 1 phases can be absorved in 2n − 1 mass eigenstates left-handed fields, say u L → K u u L and d L → K d d L , in the quark sector, K u = Diag(e iau 1 , e iau 2 , · · · , e iau n ) and K d = Diag(e ia d 1 , e ia d 2 , · · · , e ia dn ). Similarly in the leptonic sector are defined K ν and K l . This re-phasing is done in the mass eigenstate basis and they are absorbed in the mass term and neutral currents (in the SM neutral currents, coupled with Z and the Higgs h are diagonal) by the mass eigenstates right-handed fields to keep the masses real, i.e.,
Hence, the full set of phases is given by (n − 2)(n − 1)/2. However, this rephasing does not work if there are flavour changing neutral currents or/and, as in the present case, there are more charged currents. In fact, in the present case there are FCNC in the Higgs sector (see Sec. V) and it is not possible anymore to absorve the phases of the left-handed fields in the right-handed ones. Furthermore, if we redefine the phases in the left-handed current, in order to have these interactions as in the SM, the phases will appear in the right-handed currents. Hence in the latter interactions the V R CKM mixing matrix has n(n + 1)/2 phases and also there is a phase difference between the left-and right-handed currents, φ q .
Similarly in the lepton sector
The physical phases in the lepton sector are, for the same reason as before, φ l and K ν and K l .
If neutrinos are Majorana, the matrix V L P M N S has, as usual, three phases but V R P M N S has n(n + 1)/2 phases, as the Dirac case.
We note from Eqs. (30) and (31) that the right-handed current coupled with W ± 1 ≈ W ± is suppressed by both s ξ and g R and these currents coupled with W ± 2 are suppressed by g R and the mass of the W ± 2 ≈ W ± R . In the SM the W ± mass supressees more than g 2 , for instance: α g /α QED = s 2 W ≈ 0.231, and we expect the same in the left-right models. It means that ǫ 2 = α R /α L 1. For instance if ǫ = 0.3 we obtain x < 0.0705, which implies that v R > 926.489 GeV. With this lower limit on v R we can calculate the lower limit for the masses of W 2 and Z 2 , using Eqs. (4) and (11), respectively, obtaining (in GeV):
B. Neutral interactions
The neutral interactions of a fermion i with the Z 1µ and Z 2µ neutral bosons are as follows:
We will define
where a i L and a i R (i: 1, 2 and 3) are the couplings of the left-and right-handed components of a fermion ψ i . Similarly couplings A i L,R and the respective f i V,A are defined. Using Eq. (14) we obtain for leptons:
and:
for quarks.
where ǫ δ R = g BL /g L = δ L . All these results are exact. If we expand up to O(1/v 2 R ) we have for neutrinos
for charged leptons.
In Sec. IV we have seen that the vector boson masses do not constraint the value of δ R = g BL /g R . However, the couplings a L and a R or g V and g A do it throughout the denominators N 1,2 .
We use the approximate expression given above and take into account that according to the PDG [18] g ν ℓ = 0.5008 ± 0.0008 implying the constraint from Eq. (39),
We can calculate δ R = g BL /g R ∼ 1.271 assuming ǫ = 0.5, δ L = 0.6355 (according to the SM), and using eq. (41) we obtain x = 0.00259, and therefore v R > 4836.661 GeV.
Notice that when v R → ∞(x → 0) we obtain, independently of the value of δ R ,
where we have used δ L = δ R ≡ δ and the relation δ 2 = s 2 θ /(1 − 2s 2 θ ) [10] . The same happens with the coefficients of the quarks in that limit.
The f 's in Eq. (33) are obtained by doing N 2 → N 3 , a 1 → a 2 and b 1 → b 2 in Eqs. (35)-(38).
We will not write the g's and f 's of the quark sector.
V. YUKAWA INTERACTIONS
Hence, in this case the Yukawa interactions in the lepton sector are
where L ′ and R ′ are defined in Sec. II, G l,q and F l,q are arbitarry matrices in the flavor space, and we have omitted generations indices and the mass matrices in the lepton sector are as in Ref.
[5] and we will not write them explicitly.
However, here for the sake of simplicity, we will assume that the vacuum expectation values are real, k ′ = 0, the charged leptons and u quarks are in the diagonal basis, and U ν L,R (V d L,R ) are the matrices which diagonalized the neutrino (d-quarks) mass matrix. In this
Notice that in the leptonic sector there are flavour changing neutral interactions with the neutral scalars being proportional to the charged lepton masses.
and if the u-quarks are in the diagonal basis, then V d L,R = V L,R CKM .
VI. PHENOMENOLOGICAL CONSEQUENCES
Here, we have presented a model with left and right gauge grops in which parity is broken explicitly. Independently if neutrinos are Dirac or Majorana particles, then would not be necessarily a relation between the violation of parity in low energy weak interactions and the mass of neutrinos.
It is not the objective of the present work to make a detailed analysis of the phenomenology of this model and its comparison with other models with manifest, or pseudo-manifest, parity invariance. However, we will briefly discuss some processes that, although they may occur in other models with left-and right symmetries, which must have different numerical results since the parameters related with the right-handed symmetry is completely arbitrary and the scalar sector in the present model is different from the others: we do not impose to the scalar sector be symmetric under a generalized parity, charge conjugation or any othe discrete symmetry.
For instance, there is no left-handed doublets or triplets nor a scalar singlet in order to break parity first [14, 15] . In the particular model considered here only a doublet under SU(2) R was introduced. In this case if a SU(2) L doublet is introduced, it can be an inert scalar since it does not couple with any fermion, and if χ L = 0, then its neutral component does not contribute to the spontaneously breakdown of the SU(2) L symmetry. If a lefthanded triplet ∆ L is introduced then an appropriate discrete symmetry can be added in order to avoid couplings like L c l ∆ L L l . If this were the case, the triplet may be inert with ∆ 0 = 0.
In the present context, the fact that weak interactions are parity asymmetric at low energy is because right-handed currents are suppressed by the great mass of the respective vector bosons and/or by the gauge coupling g R , i.e., g R ≪ g L . As usual, the heaviness of the vector bosons related to the right-handed symmetry is due to a VEV larger than the electroweak scale.
Moreover, unlike the model in Refs. [14, 15] , the present model is not necessarily a lower energy limit of left-right symmetric models in which the parity is broken spontaneously. The fact that we have not introduced any parity invariance at all, neither manifest nor almost manifest, is important because the degrees of freedom are different and the interactions of We recall that if we assume that the phases in the mixing matrix V L CKM are equal to those in the SM, we must redefine the phase of both chiralities of 5 quarks and chosen a global phase.
Hence, in the quarks sector we no longer have options in the phases of the matrix V R CKM , not even a global phase. Thus, in V R CKM we have the 6 possible phases for a unitary matrix and the left and right handed currents have a difference of phase. Similarly in the lepton sector, V R P M N S if neutrinos are Dirac, or three more phases if they are Majorana. Moreover, as in the quark sector, there is a global phase difference between the left-and right-handed currents.
If neutrinos are Dirac particles right-handed neutrinos are just components of a Dirac spinor. In this case there is no heavy right-handed neutrinos and most phenomenological studies do not apply, at least in a straightforward way. The so called Keung-Senjanovic process [21] at LHC pp → l 1 l 2 + jets, l 1 , l 2 = e, µ proceed as follows: [22, 23] . It is out of the scope of this work to analyze the complete KS processes pp → l 1 l 2 +jets. However we note the following: CKM | 2 . Of course, the particular entries of these mixing matrices depend on the leptons and quarks in each process. We stress that in the present case the arguments in Ref. [24] which implies that the right-handed CKM matrix is close to the left-handed one are not valid. Hence not only the entries of V L P M N S but also those of V R P M N S are free parameters. If neutrinos are Dirac particles m W R ≫ m ν always. Neglecting the fermion masses, at the tree level [18] 
Now, regarding the value ǫ = 0.97, we obtain x < 0.00784. With this value we get v R > 2778. 28 GeV, where the lower limits of the news vectoriales bosons masses, using Eqs. (4) and (11), respectively, are given by:
and also, for the neutral vectorial bosons, (47): context of the present model. For instance in the production of W ± R [26, 27] . The most stringent limits on the W R mass was obtained in Ref. [28] assuming that it decays to an electron, or muon, and a heavy neutrino of the same lepton flavor and assuming strict left-right symmetry i.e., g R = g L and that also the left-and right-mixing matrices in the lepton and quark sectors are equal. Under these conditions, searching an excess above the SM prediction at √ s = 8 TeV, W R masses up to near 3 TeV were excluded. However, in the present model this mass may be smaller if g R < g L and the left-and right-mixing matrices are different from each other.
Considering g R < g L , as proposed in Ref. [29] , reduces the production cross section and this implies a smaller lower limit for the mass of the W R . However, in [29] they preserve the left-right symmetry in the scalar spectrum (triplest ∆ L and ∆ R ) which is not our case because there is no relation at all between the left-and right-scalars. It means that the W ± and Z 2 in this model cannot be considered sequencial W ′ , Z ′ and the bounds on its mass obtained by ATLAS [30] and CMS [28, 31] are no aplicable straightforward to this vector bosons. These bonds strongly depend on the coupling of the vector bosons to quarks (and leptons) and in the present model g R has no relation with g L the same with V L P M N S and V R P M N S . Moreover, if neutrinos are Majorana particles (the triplet ∆ R is introduced) the analysis depend on the assumption that m ν R is heavier or lighter than W R . If the scalar triplet is added there are doubly charged scalars ∆ ++ R but not necessarily ∆ ++ L . Lower bounds on the mass of the ∆ ++ L are between 383 and 408 GeV [32] . However, if parity is explicitly violated, ∆ ++ L may be part of an inert triplet which may, or not, be coupled with leptons. In this case the type I seesaw mechanism can be implemented by the bi-doublet and the triplet ∆ R , hence the Yukawa coupling of the triplet ∆ L , if allowed, are not proportional to the neutrino mass matrix.
Notice that although our model, as those in Refs. [33, 34] , allows g L = g L , V L CKM = V R CKM , and V L P M N S = V R P M N S , our model is still different since we have a particle spectrum that is not even left-right-symmetric in the scalar multiplets and also therein no parity restoration.
